Abstract. In this paper, we propose a novel level set based active contour model to segment textured images. The proposed method is based on the assumption that local histograms of filtering responses between foreground and background regions are statistically separable. In order to be able to handle texture nonuniformities, which often occur in real world images, we use rotation invariant filtering features and local spectral histograms as image feature to drive the snake segmentation. Automatic histogram bin size selection is carried out so that its underlying distribution can be best represented. Experimental results on both synthetic and real data show promising results and significant improvements compared to direct modeling based on filtering responses.
Introduction
Deformable models, particularly active contours, have been widely used for image segmentation and shape extraction due to their natural ability in capturing shape variations [1, 2, 3, 4] . They deform under the influence of internal and external forces to delineate object boundaries. Explicit representations of active contours [5, 6] track the points on the curves across time, and hence generally have difficulties in dealing with topological changes, e.g. splitting and merging. Implicit representation based on the level set method [1,2] embeds contours in a higher-dimensional scalar function and deforms the contours through evolving the scalar function, which conveniently facilitates necessary topological changes.
Active contours have been increasingly used in analyzing textured images, e.g. [7, 8, 9, 10] . Despite recent advances in edge based approaches, e.g. [11, 12] , region based approaches have some obvious advantages when analyzing heavily textured images in that edge based boundary description can easily be compromised by texture patterns. Region based approach generally deforms initial contours towards the region/object boundaries of interest by minimizing an energy function, whose minimum ideally collocates with those boundaries. Thus, it is vitally important to use robust features and region indication/separation functional.
Various features have been investigated in the contour segmentation framework, such as co-occurrence matrices [13], structure tensor [14] , and local binary patterns [10] . However, filtering responses are among the most popular approaches, e.g. [15, 7, 16, 17, 18] . In [7] the authors decompose the image using Gabor filters. The collected filtering responses at each pixel are used to measure the difference between pixels in a piecewise constant model. However, it largely ignores the spatial distribution X. Xie among local filtering coefficients and this direct comparison of filter responses is error prone since the responses can be misaligned due to the anisotropic nature of most of the filters. Wavelet packet transform is used in [16] and the energy distributions in sub-bands are used to characterize textures. One of the main difficulties in dealing with filtering responses is their large dimensionality. It is also challenging to handle textural variations within regions of interest due to, for example, rotation or view point changes, since most of the filters are orientation sensitive.
Once the features are derived, one also needs to decide how to model their distribution so that correct features are included in describing the object of interest. In other words, this modeling provides a region indication or separation functional to drive the active contours. Modeling based on global distribution is a popular approach. For example, in [15, 17] Mixture of Gaussians are used to model the image features. Another powerful approach is based on the piecewise constant assumption [19] . It also has been recently adopted in texture segmentation, e.g. [7, 18, 8] . However, how to cope with texture inhomogeneity is a major challenge.
Proposed Approach
In this paper, we propose a novel region based active contour model, which is based on the assumption that local histograms of filtering responses between object of interest and background regions are statistically separable. Briefly, we first apply a bank of filters to the image, from which we have a set of filter responses at different scales and orientations. These responses are then grouped and condensed so that it can handle textural non-uniformity which may occur in real world images. Reduced, invariant features are thus obtained. This process also effectively decreases the dimensionality of filter feature space, which is beneficial for single image segmentation. We then collect local distributions of these features at each pixels, known as local spectral histograms. These local histograms contains not only direct filtering responses but also their spatial distributions in their local neighborhoods. The optimal bin size for these histograms are obtained by minimizing a mean integrated square error based cost function. An energy minimization problem is thus formulated by fitting two spectral histograms, one of which is used to approximate the foreground region and the other for the background. We will show that this approach is effective to handle texture inhomogeneity, compared to, for example, direct modeling based on filtering responses [7] or local intensity distributions [8] .
Next, Section 2.1 describes the filter bank and rotation invariant feature selection. Local spectral histogram extraction is presented in Section 2.2 and automatic optimal histogram bin size computation is given in Section 2.3. Finally, Section 2.4 introduces the level set based snake model using these invariant features for image segmentation.
Filters and Feature Selection
Texture is one of the most important characteristics in identifying objects. It provides important information for recognition and interpolation. Numerous techniques have been reported in the literature to carry out texture analysis. They can be generally categorized in four ways: statistical approaches, which measure the spatial distribution of
